Glyphosate-surfactant is one of the most commonly used herbicides in the world. Its key component, glyphosate, is a competitive inhibitor of the shikimate pathway, a metabolic pathway found only in plants. However, severe intoxication, including lethal cases by ingestion of, glyphosate-surfactant has been reported. We describe the full recovery of two patients from glyphosate-polyoxyethyleneamine surfactant intoxication and multi-organ system failure following continuous renal replacement therapy. Both patients developed persistent shock, acute kidney injury, lactic acidosis, hyperkalaemia and multi-organ failure despite of resuscitation. We believe that continuous renal replacement therapy should be initiated immediately for removal of glyphosate-polyoxyethyleneamine surfactant in patients with signs of cardiopulmonary compromise, lactic acidosis, and renal failure. We propose the addition of glyphosate-polyoxyethyleneamine surfactant to the list of toxins for which early haemodialysis should be indicated. (Hong Kong j.emerg.med. 2017;24:40-44) 
Introduction
Glyphosate is one of the most commonly used herbicides in the world and kills plants by interfering with amino acid synthesis. Due to the differences in chemical pathways and metabolism between plants and mammals, glyphosate has been reported to be minimally toxic to humans. Indeed, the World Health Organization (WHO) toxicity classification categorises glyphosate as a Table V compound "unlikely to present acute hazard in normal use". However, clinical toxicologists occasionally encounter cases of severe systemic toxicity. Serious intoxication caused by ingestion of glyphosate has been reported, including lethal cases, with a mortality rate of 7%-30%. 1, 2 Here we report the full recovery of two patients from glyphosate-polyoxyethyleneamine sur factant intoxication and multi-organ system failure following continuous renal replacement therapy.
Case 1
An 89-year-old woman was admitted to the emergency department (ED) after experiencing vomiting, nausea and abdominal pain for about 3 hours. The patient had a significant past medical history of hypertension. Four hours prior to ED arrival, she had ingested about 50 ml of unidentified transparent liquid.
The patient displayed mental alertness and normal vital signs upon arrival. The initial laboratory findings were normal. Conservative treatment with activated charcoal and urine alkalisation was initiated. Five hours following ED admission, the patient's condition deteriorated into shock, as indicated by a reduction in blood pressure (75/45 mmHg), marked bradycadia, acute kidney injury, lactic acidosis, hyperkalaemia and multi-organ failure (elevated AST, ALT, amylase, and lipase) ( Table 1) . A chest radiograph revealed pulmonary congestion ( Figure 1 ). To differentiate other disease a computed tomography (CT) scan of the abdomen was obtained. The contrast abdominal-pelvic CT scan revealed normal finding. Due to her haemodynamic compromise, continuous venovenous haemodiafiltration (CVVHDF) was initiated. CVVHDF was performed through a duallumen femoral catheter using the Prisma system (Hospal, Medolla, Italy) with a blood flow of 150 mL/h and dialysate flow rate of 2,500 mL/h with a biocompatible AN69 (Gambro, Meyzieu, France) membrane with 0.6-m 2 filter. Haemofiltration at 1,000 mL/h was performed with 0.45% normal saline, with 50 mEq/L of sodium bicarbonate as the prefilter fluid. Heparin anticoagulation was initiated with a 1000-U bolus, followed by a continuous infusion of 750 U/hour, and was adjusted as needed to achieve a partial thromboplastin time of 80 to 100 seconds.
One day after admission, her son found a 500-mL herbicide bottle containing Geunsami  , a kind of glyphosate-surfactant (like Roundup  ), with only 400 mL remaining. The patient's condition improved after 30 hours of CVVHDF, and full recovery of renal, liver and brain function was confirmed (Table 1) . She was discharged on the fifth day without complication.
Case 2
A 74-year-old man was transfer to the ED due to persistent metabolic acidosis and acute kidney injury. The patient has a past medical history of diabetes mellitus. Eight hours prior to ED arrival, he had ingested 300 mL of glyphosate-surfactant (Geunsami  ).
The patient was admitted prior hospital after 30 minutes of ingestion and displayed mental alertness and normal vital sign. So, after gastric larvage, conservative treatment with activated charcoal and urine alkalisation was initiated. Two hours following admission, he complained dyspnoea. The arterial blood gas analysis (ABGA) was pH 7.360, pCO 2 31.6 mmHg, pO 2 64.0 mmHg, bicarbonate 18 mmol/L, and saturation 90.7%. Serial laboratory test revealed hyperkalaemia. The chest radiograph showed pulmonary congestion with aspiration pneumonia (Figure 2 ). Despite resuscitation, the patient's condition deteriorated into shock, acute kidney injury, lactic acidosis, hyperkalaemia and multi-organ failure ( Table 2 ). Due to his haemodynamic compromise, continuous renal replacement therapy was considered and transfer to our ED. CVVHDF was initiated 9 hours after ingestion. CVVHDF was performed through a dual-lumen femoral catheter using the Prisma system with a blood flow of 100 mL/h and dialysate flow rate of 1,500 mL/h with a biocompatible AN69 membrane with 0.6-m 2 filter. Haemofiltration at 1,000 mL/h was performed with 0.45% normal saline, with 50 mEq/L of sodium bicarbonate as the prefilter fluid. Heparin anticoagulation was initiated with a 1000-U bolus, followed by a continuous infusion of 750 U/hour, and was adjusted as needed to achieve a partial thromboplastin time of 80 to 100 seconds.
The patient's condition improved after 55 hours of CVVHDF, and full recovery of renal, liver and brain function was confirmed ( Table 2) . He was discharged on the 14th day without complication.
Discussion
Glyphosate has been reported to be minimally toxic to humans. However, clinical toxicologists occasionally encounter cases of severe glyphosate toxicity. In severe cases, patients die or suffer severe toxicity, such as respiratory distress necessitating intubation, metabolic acidosis, arrhythmia, renal failure, and electrolyte imbalance. 3 The surfactant in the formula, and not the glyphosate itself, has been proposed to be the essential element in human toxicity. 4 The toxic syndrome associated with glyphosate intoxication is proposed to result from gastrointestinal irritation, dysfunction of the hepatorenal system, and severe pulmonary toxicity and cardiovascular system instability. 2 The cause of death following glyphosate poisoning remains a controversial issue. Some authors believe it could be due to pulmonary toxicity, including pulmonary oedema and/or aspiration pneumonitis, whereas others think cardiogenic and/or hypotensive shock is the cause of death. 1, 2 Indeed, glyphosate poisoning resulting from multi-organ toxicity was reported by Lee et al 2 Pulmonary toxicity and renal toxicity appears to be responsible for its mortality. Abnormal CXR, metabolic acidosis, elevated creatinine and tachycardia are useful prognostic factors for predicting glyphosate mortality. 2 The Geunsami herbicides ingested by our patients contained 41% glyphosate in the form of its isopropylamine salt and 15% polyoxyethyleneamine.
Polyoxyethyleneamine is a surfactant used to prevent the formation of glyphosate droplets on leaves that subsequently roll off, rendering the herbicide ineffective. The toxicity of Geunsami results from the surfactant, which interferes with the mitochondrial wall, thereby destroying the proton gradient required for energy production. 3 Indeed, Seok et al reported that patients who ingested large volumes of surfactant were at risk for hypotension, mental deterioration, respiratory failure and arrhythmia, particularly when ingested in volumes >8 mL. 5 Lee et al found that the isopropylamine salt of glyphosate reduced cardiac index and blood pressure, while polyoxyethyleneamine reduced cardiac index without changing blood pressure in a piglet model. 4 T h e c l i n i c a l c o u r s e o f s e v e r e g l y p h o s a t epolyoxyethyleneamine surfactant intoxication following ingestion of a large amount of concentrated glyphosate-polyoxyethyleneamine surfactant is fulminant. 1 Patients developed cardiogenic shock, respiratory failure and multi-organ failure within hours of ingestion, and death frequently occurs despite supportive treatment. Our cases developed multi-organ failure, respiratory failure, mental deterioration and arrhythmia. Currently, there are no specific antidotes for glyphosate-surfactant. Haemodialysis has been shown to be effective in some cases, but not all cases of severe glyphosate-polyoxyethyleneamine surfactant intoxication. 1, 6, 7 In conclusion, we report two cases of glyphosatesurfactant intoxication with full recovery from multiorgan system failure following continuous renal replacement therapy.
We propose that continuous renal replacement therapy should be initiated immediately for removal of glyphosate-polyoxyethyleneamine surfactant in patients with signs of cardiopulmonary compromise, lactic acidosis, renal failure and a history of large volume ingestion.
